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1 Introduction

In the JSVM 1.0 (JVT-N023), a scalability information SEI is specified to assist a bitstream extractor in analyzing the scalability features of the bitstream, and as said in an editing note, the SEI should be moved to a delta for Annex D. 
We agree that a scalability information SEI is useful. However, we think that the SEI as it is in JSVM 1.0 is too specific to the current SVC implementation in the JSVM reference software. For another implementation according to the SVC WD 1.0 (JVT-N020), the SEI may not help much. For example, as stated in an editing note, the calculation of the frame rate is currently only specified for dyadic decomposition on all levels. We believe that the scalability information SEI should be in a general form that is helpful in a lot of system level operations on scalable bitstreams including bitstream exaction. 

In the following, we propose a new syntax for the scalability information SEI that enables the following system level operations without parsing and analyzing into any coded slice NAL unit (with the only exception for region-of-interest scalability based on sub-picture scalable layers):

· A file format composer to write scalability information metadata into the file

· A streaming server to offer all the possible scalable presentation points to receivers

· A bitstream exactor to extract any desired scalable presentation point

· A media-aware network element (e.g. gateway) to decide which NAL units are to be discarded (hence not transmitted) for a desired scalable presentation point

2 Proposal

2.1 Scalability information SEI message syntax

	scalability_info( payloadSize ) {
	C
	Descriptor

	
num_layers_minus1
	5
	ue(v)

	
for ( i = 0; i <= num_layers_minus1; i++ ) {
	
	

	fgs_layer_flag[ i ]
	5
	u(1)

	sub_pic_layer_flag[ i ]
	5
	u(1)

	sub_region_layer_flag[ i ]
	5
	u(1)

	profile_level_info_present_flag[ i ]
	5
	u(1)

	decoding_dependency_info_present_flag[ i ]
	5
	u(1)

	bitrate_info_present_flag[ i ]
	5
	u(1)

	frm_rate_info_present_flag[ i ]
	5
	u(1)

	frm_size_info_present_flag[ i ]
	5
	u(1)

	layer_dependency_info_present_flag[ i ]
	5
	u(1)

	init_parameter_sets_info_present_flag[ i ]
	5
	u(1)

	if (profile_level_info_present_flag[ i ]) {
	
	

	

layer_profile_idc[ i ] 
	5
	u(8)

	

layer_constraint_set0_flag[ i ]
	5
	u(1)

	

layer_constraint_set1_flag[ i ]
	5
	u(1)

	

layer_constraint_set2_flag[ i ]
	5
	u(1)

	

layer_constraint_set3_flag[ i ]
	5
	u(1)

	

reserved_zero_4bits /* equal to 0 */
	5
	u(4)

	

layer_level_idc[ i ]
	5
	u(8)

	}
	
	

	if (decoding_dependency_info_present_flag[ i ]) {
	
	

	

dependency_id[ i ]
	5
	u(3)

	

temporal_level[ i ]
	5
	u(3)

	}
	
	

	if (bitrate_info_present_flag[ i ]) {
	
	

	

avg_bitrate[ i ]
	5
	u(16)

	

max_bitrate[ i ]
	5
	u(16)

	}
	
	

	if (frm_rate_info_present_flag[ i ]) {
	
	

	

constant_frm_rate_idc[ i ]
	5
	u(2)

	

avg_frm_rate[ i ]
	5
	u(16)

	}
	
	

	if (frm_size_info_present_flag[ i ]) {
	
	

	
frm_width_in_mbs_minus1[ i ]
	5
	ue(v)

	frm_height_in_mbs_minus1[ i ]
	5
	ue(v)

	}
	
	

	if (sub_region_layer_flag[ i ]) {
	
	

	horizontal_offset[ i ]
	5
	u(16)

	verticial_offset[ i ]
	5
	u(16)

	region_width[ i ]
	5
	u(16)

	region_height[ i ]
	5
	u(16)

	}
	
	

	If (layer_depdendency_info_present_flag[ i ]) {
	
	

	num_directly_dependent_layers[ i ]
	5
	ue(v)

	
for ( j = 0; j < num_directly_dependent_layers[ i ]; j++ )
	
	

	directly_dependent_layer_id_delta[ i ][ j ]
	5
	ue(v)

	}
	
	

	If (init_parameter_sets_info_present_flag[ i ]) {
	
	

	num_ init_seq_parameter_set_minus1[ i ]
	5
	ue(v)

	
for ( j = 0; j <= num_seq_parameter_set_minus1[ i ]; j++ )
	
	

	init_seq_parameter_set_id_delta[ i ][ j ]
	5
	ue(v)

	num_ init_pic_parameter_set_minus1[ i ]
	5
	ue(v)

	
for ( j = 0; j <= num_pic_parameter_set_minus1[ i ]; j++ )
	
	

	init_pic_parameter_set_id_delta[ i ][ j ]
	5
	ue(v)

	
}
	
	

	}
	
	


2.2 Scalability information SEI message semantics

When present, this SEI message shall appear in an IDR access unit. The semantics of the message are valid until the next SEI message of the same type.

num_layers_minus1 plus 1 indicates the number of scalable layers or presentation points supported by the bitstream. The value of num_layers_minus1 is in the scope of 0 to 255, inclusive.

Each scalable layer is associated with a layer ID. The layer ID is assigned as follows. A larger value of layer ID indicates a higher layer. A value 0 indicates the lowest layer. Decoding and presentation of a layer is independent of any higher layer but may be dependent on a lower layer. Therefore, the lowest layer can be decoded and presented independently, decoding and presentation layer 1 may be dependent on layer 0, decoding and presentation of layer 2 may be dependent on layers 0 and 1, and so on. The representation of a scalable layer requires the presence of the scalable layer itself and all the lower layers on which the scalable layer are directly or indirectly dependent. In the following, a scalable layer and all the lower layers on which the scalable layer are directly or indirectly dependent are collectively called as the scalable layer representation. 

Informative note: The mapping of each coded picture to a scalable layer is signaled by the sub-sequence information SEI message.

fgs_layer_flag[ i ] equal to 1 indicates that the scalable layer with layer ID equal to i is an fine granularity scalable (FGS) layer. A value 0 indicates that the scalable layer is not an FGS layer. The coded slice NAL units of an FGS layer can be truncated at any byte-aligned position.
sub_pic_layer_flag[ i ] equal to 1 indicates that the scalable layer with layer ID equal to i consists of sub-pictures, each sub-picture consists of a subset of coded slices of an access unit. A value 0 indicates that the scalable layer consists of entire access units. 
Informative note: The mapping of each sub-picture of a coded picture to a scalable layer is signaled by the sub-picture layer information SEI message.

sub_region_layer_flag[ i ] equal to 1 indicates that the scalable layer with layer ID equal to i represents a sub-region of the entire region represented by the entire bitstream. A value 0 indicates that the scalable layer represents the entire region represented by the entire bitstream.

profile_level_info_present_flag[ i ] equal to 1 indicates the presence of the profile and level information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the profile and level information for the scalable layer with layer ID equal to i is not present in the SEI message. 

decoding_dependency_info_present_flag[ i ] equal to 1 indicates the presence of the decoding dependency information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the decoding dependency information for the scalable layer with layer ID equal to i is not present in the SEI message.

bitrate_info_present_flag[ i ] equal to 1 indicates the presence of the bitrate information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the bitrate information for the scalable layer with layer ID equal to i is not present in the SEI message.

frm_rate_info_present_flag[ i ] equal to 1 indicates the presence of the frame rate information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the frame rate information for the scalable layer with layer ID equal to i is not present in the SEI message.

frm_size_info_present_flag[ i ] equal to 1 indicates the presence of the frame size information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the frame size information for the scalable layer with layer ID equal to i is not present in the SEI message.

layer_dependency_info_present_flag[ i ] equal to 1 indicates the presence of the layer dependency information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the layer dependency information for the scalable layer with layer ID equal to i is not present in the SEI message.

init_parameter_sets_info_present_flag[ i ] equal to 1 indicates the presence of the initial parameter sets information for the scalable layer with layer ID equal to i in the SEI message. A value 0 indicates that the initial parameter sets information for the scalable layer with layer ID equal to i is not present in the SEI message.

Informative note: The initial parameter sets refers to those parameter sets that can be transmitted in the beginning of the session. 

layer_profile_idc[ i ], layer_constraint_set0_flag[ i ], layer_constraint_set1_flag[ i ], layer_constraint_set2_flag[ i ], layer_constraint_set3_flag[ i ], and layer_level_idc[ i ] indicate the profile and level compliancy of the bitstream of the representation of scalable layer with layer ID equal to i. The semantics of layer_profile_idc[ i ], layer_constraint_set0_flag[ i ], layer_constraint_set1_flag[ i ], layer_constraint_set2_flag[ i ], layer_constraint_set3_flag[ i ], and layer_level_idc[ i ] are identical to the semantics of profile_idc, constraint_set0_flag, constraint_set1_flag, constraint_set2_flag, constraint_set2_flag and level_idc, respectively, unless herein the target bitstream being the bitstream of the scalable layer representation. 

dependency_id[ i ] and temporal_level[ i ] are equal to DependencyId and TemproalLevel, respectively, of the NAL units in the scalable layer with layer ID equal to i. 

avg_bitrate[ i ] indicates the average bit rate, in units of 1000 bits per second, of the bitstream of the representation of scalable layer with layer ID equal to i. The semantics of avg_bitrate[ i ] is identical to the semantics of average_bit_rate in sub-sequence layer characteristics SEI message when accurate_statistics_flag is equal to 1, unless herein the target bitstream being the bitstream of the scalable layer representation. 

max_bitrate[ i ] indicates the maximum bit rate, in units of 1000 bits per second, of the bitstream of the representation of scalable layer with layer ID equal to i, in any one-second time window of access unit removal time as specified in Annex C. 

constant_frm_rate_idc[ i ] indicates whether the frame rate of the representation of the scalable layer with layer ID equal to i is constant. If the value of avg_frm_rate as specified in below is constant whichever a temporal section of the scalable layer representation is used for the calculation, then the frame rate is constant, otherwise the frame rate is non-constant. Value 0 denotes a non-constant frame rate, value 1 denotes a constant frame rate, and value 2 denotes that it is not clear whether the frame rate is constant. The value of constantFrameRate is in the range of 0 to 2, inclusive.

avg_frm_rate[ i ] indicates the average frame rate, in units of frames per second, of the bitstream of the representation of scalable layer with layer ID equal to i. The semantics of avg_frm_rate[ i ] is identical to the semantics of average_frame_rate in sub-sequence layer characteristics SEI message when accurate_statistics_flag is equal to 1, unless herein the target bitstream being the bitstream of the scalable layer representation. 

frm_width_in_mbs_minus1[ i ] plus 1 indicates the maximum width, in macroblocks, of a coded frame in the representation of the scalable layer with layer ID equal i. 

frm_height_in_mbs_minus1[ i ] plus 1 indicates the maximum height, in macroblocks, of a coded frame in the representation of the scalable layer with layer ID equal i. 

horizontal_offset[ i ] and verticial_offset[ i ] give the horizontal and vertical offsets, respectively, of the top-left pixel of the rectangular region represented by the representation of the scalable layer with layer ID equal to i, in relative to the top-left pixel of the overall region represented by the entire bitstream. The unit is of luma samples in the scale of the highest spatial resolution. 

region_width[ i ] and region_height[ i ] give the width and height, respectively, of the rectangular region represented by the representation of the scalable layer with layer ID equal to i, in luma samples in the scale of the highest spatial resolution. 

num_directly_dependent_layers[ i ] indicates the number of scalable layers that the scalable layer with layer ID equal to i is directly dependent on. The value of num_directly_dependent_layers is in the scope of 0 to 255, inclusive.

directly_dependent_layer_id_delta[ i ][ j ] indicates the difference between the layer ID of the jth scalable layer that the scalable layer with layer ID equal to i is directly dependent on and i. The layer ID of the directly dependent-on scalable layer is equal to (directly_dependent_layer_id_delta + i).

num_init_seq_parameter_set_minus1[ i ] plus 1 indicates the number of initial sequence parameter sets for decoding the representation of the scalable layer with layer ID equal to i.
init_seq_parameter_set_id_delta[ i ][ j ] indicates the value of the seq_parameter_set_id of the jth initial sequence parameter set for decoding the representation of the scalable layer with layer ID equal to i if j is equal to 0. If j is larger than 0, init_seq_parameter_set_id_delta[ i ][ j ] indicates the difference between the value of the seq_parameter_set_id of the jth initial sequence parameter set and the value of the seq_parameter_set_id of the (j-1)th initial sequence parameter set. The initial sequence parameter sets are logically ordered in ascending order of the value of seq_parameter_set_id. 

2.3 Mapping of access units or sub-pictures to scalable layers

Mapping of access units to scalable layers is signaled using sub-sequence information SEI messages. The sub_seq_layer_num in the sub-sequence information SEI message indicates the layer ID of the scalable layer to which the current access unit belongs. 

To map sub-pictures to scalable layers, a new SEI message is defined as follows
.

2.3.1 Sub-picture layer information SEI message syntax

	sub_pic_layer_info( payloadSize ) {
	C
	Descriptor

	layer_id
	5
	ue(v)

	}
	
	


2.3.2 Sub-picture layer information SEI message semantics

When present, this SEI message shall appear in the same SEI payload containing a motion-constrained slice group set SEI message and immediately succeeds the motion-constrained slice group set SEI message in decoding order. The slice group set identified by the motion-constrained slice group set SEI message is called the associated slice group set of the sub-picture layer information SEI message.
layer_id indicates the layer ID of the scalable layer to which the coded slice NAL units in the associated slice group set belongs.
3 Design motivations

3.1 Why to have profile and level information

Assuming that a streaming server has stored a scalable stream of profile P and level L, while a scalable layer of the stream could be of profile P1 and L1, and the implementation requirement of a decoder compliant with L1@P1 is simpler than a decoder compliant with L@P. If the server is going to feed the video content to a client with a decoder compliant with L1@P1, the server has to check the stream whether there is a scalable layer that is compliant with L1@P1, e.g., by running a hypothetical reference decoder, which imposes additional implementation and computation complexities to the streaming server. To have the profile and level information signaled for each scalable layer enables the above applications with a much simplified server implementation.

3.2 Why to have bit rate, frame rate and frame size information

These types of information are naturally needed for bit rate, temporal and spatial scalabilities.

3.3 Why to have rectangular region information

This piece of information is useful to support region-of-interest (ROI) scalability as required in N6880.

3.4 Why to have layer dependency information

Though it is known that all higher layers are not required for a certain scalable layer representation, it is not known by default which lower layers are not required. The layer dependency information enables a streaming server not to send unnecessary lower layers without analyzing of the stream, which requires complex implementations. 

3.5 Why to allow sub-picture layer

Conventional coding techniques in AVC (i.e. not the new SVC extensions) can be employed to achieve ROI scalability, e.g., by using motion constrained slice group sets. Such an ROI scalable layer is formed by sub-pictures. 

3.6 Why to have decoding dependency information

The decoding dependency information is included in the NAL unit headers of scalable extension layer NAL units. In some applications, it is desirable to let a media-aware network element or the receiver know the information of which scalable layers can be discarded. To assist the media-aware network element or the receiver discard unnecessary NAL units, the mapping between the decoding dependency information and the scalable layer identifier is needed. 

3.7 Why to signal initial parameter sets

Due to that a scalable layer representation may not use all the initial parameter sets of the entire stream, to transmit all those parameter sets may cause a waste of transmission bandwidth and a longer initial setup delay, particularly because typically initial parameter sets are transmitted out-of-band and reliably, which implies that reception acknowledgement is used and retransmission may be used. Signaling of initial parameter sets for each scalable layer representation solves the problem. It is also possible for a server to get the information by analyzing the bitstream. However, that requires the server to be media-aware and to do on-the-fly bitstream analysis.
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